ABSTRACT
INTRODUCTION

59
The prevalence of myopia in children and young adults varies greatly around the 60 world. 1 The Refractive Error Study in Children Survey Group report five sites where myopia 61 prevalence is less than 15% at 17 years of age (Eastern Nepal, rural and urban Southern India,
62
South Africa and Chile) and three sites with much higher myopia prevalence (urban Malaysia 63 and urban and semi-rural China) (reviewed in Morgan, Rose and Ellwein 2 ). The prevalence 64 of myopia is extremely high in East Asia. 1 For example, 85% of Taiwanese 17 year olds, at 65 the end of schooling and about to commence University, require an optical correction for 66 myopia. 3 There is a related high prevalence of severe myopia (>-6D), 3 and associated ocular 67 pathologies including chorio-retinal degeneration and retinal detachment. prevalence is the focus of much current discussion. 7 
71
Whilst it is well known that there is a strong genetic predisposition underlying myopia 72 susceptibility, [8] [9] [10] new findings suggest environmental factors, such as leading an outdoor 73 lifestyle, may also have a strong impact on refractive error development.
11-14
The Sydney
74
Myopia Study 11 found that the group of children who self-reported spending more than 2.8 75 hours per day performing outdoor activities had a more hyperopic mean spherical equivalent 76 refraction (SER) than children who reported that they participated in lower amounts of 77 outdoor activity. Further to this, a comparative study found Chinese children living in 78 Australia had a lower myopia prevalence compared to children of the same age and ethnicity 79 residing in Singapore. 12 Although this difference could result from the earlier and more There are a number of possible mechanisms by which outdoor activity could protect 85 against the development myopia.
11,12
One possibility is that distance viewing when outdoors 86 encourages relaxation of the accommodation system which negates accommodative 87 adaptations associated with performing prolonged near tasks.
11
Another hypothesis is that 
104
The broad spectrum of wavelengths in sunlight, including the emission of rays in the 105 ultraviolet range (10-400nm), has also been suggested to be of significance in myopia 106 prevention.
23
Here it is suggested that the important factors are that sunlight contains UV 107 light while indoor lighting consists of a more limited spectrum of wavelengths. However, no 108 conclusive evidence is currently available to confirm that UV light exposure is required to 109 prevent myopia development.
110
The aim of this study was to measure the daily light levels and UV exposure that
111
University students experience and determine whether this had an impact on their refractive 112 status recorded retrospectively over the previous two-three years. We hypothesised that 113 emmetropic students and those with stable myopia would spend more time outdoors and be 114 exposed to higher ambient levels of illumination and UV than students with progressing 115 myopia. We also sought to ascertain whether young adults in Brisbane were exposed to safe 116 or unsafe levels of UV. 
METHODS
119
Participants
120
Participants were third and fourth year University students, aged 17 to 25 years, 121 studying Optometry at the Queensland University of Technology. This sample was recruited 122 to ensure that participants had similar levels of education, were completing the same course 
Eye Examination
138
Subjective refraction was performed using the maximum plus for best visual acuity 
253
As for the HOBO data there was no significant difference between groups based on 254 self-reports of daily activities recorded in the participant log ( time spent sleeping each day was the same across the three groups. Self-reported measures of 259 time spent outdoors were much greater than the time spent outdoors (based on >10,000 lux) 260 calculated from the HOBO data ( Fig. 1) (p=0.001) ; the two values were not significantly 261 correlated (R=0.27, p=0.104). This correlation was, however, improved for total bright light 
266
The UV dosimetry data showed significant differences across the three refractive 
Relationships and interactions
280
Illuminance and UV measurements were significantly correlated in the positive 281 direction (Fig. 3) This study investigated the relationship between refractive errors, the duration of time 294 spent outdoors and the light levels and ultraviolet radiation that young adult University 295 students were exposed to. No significant differences were observed between refractive error However, there were significant between group differences for the daily UV dose, with stable 299 myopes having the highest daily UV exposure. Although much of the data were not 300 significant this may have been due to the relatively small sample size and lack of power of 301 the study. We have performed an a priori power analysis, which suggests that, for any given 302 predictor (e.g. daily UV exposure) if a cut-off score could be identified which was associated 303 with a 6-7% increased risk of progressing myopia, a sample of 963 participants would be 304 sufficient to capture this effect with a power of .95. Thus, a sample of 1000 participants, 305 allows for up to 5% dropout, and would provide sufficient power to detect a clinically 306 significant effect.
307
A possible reason daily UV exposure, but not daily illumination differences across the 308 groups, reached significance is that the UV measure is cumulative across the day whereas 309 illumination measures were taken at five minute intervals throughout the day; the HOBO 310 device records light intensity as a discrete/stepped amount rather than a continuous variable. found that after 90 days, chicks exposed to a constant illuminance of 10,000 lux developed a 339 mean hyperopic SER of +1.10 D, whereas chicks exposed to lower intensities of 500 lux and There were large differences between objective measurements of light intensity based 348 on the HOBO data and UV dosimetry and self-reported estimates of outdoor exposure based 349 on the daily activity log. A likely explanation is that outdoor time is not always spent in the 350 sun, but is also spent in shade or in the car/bus under a lower illuminance. Another possibility 351 is that participants over estimated their outdoor activity when completing the activity log. 
13
In addition children who combined low levels of near work with high levels of outdoor 371 activity had the most hyperopic refractions and those who combined high levels of near work 372 with low levels of outdoor activity had relative more myopic refraction.
11
As participants 373 were selected based on their participation in the same University course, all were likely to 374 have had similar high levels of near activity and thus our data cannot inform the debate on the 375 possible interaction between near work, outdoor activity and myopia. It remains to be seen 376 whether these measured differences between refractive groups are clinically relevant but they 377 are consistent with data from animal models. 15, 33, 34 Although it is possible that time spent 378 outdoors during childhood influences the refractive status of young adults and that this effect 379 has the potential to override any observed differences due to current light exposure 380 behaviours, the fact that many young adults have progressive myopia indicates that current 381 behaviours are also important.
382
Although the current literature indicates that there may be a role for UV in the 383 prevention of myopia this is yet to be confirmed. In a study by Ashby et al. 15 , form-deprived 384 chicks given 15 minutes of normal vision under bright natural daylight (30,000 lux) had 385 shorter axial lengths and less form-deprivation myopia compared to chicks exposed to intense 386 (15,000 lux) and normal (500 lux) laboratory light during the period of diffuser removal. Human data demonstrates that there is a lower prevalence of pterygium and 395 pinguecula, which are generally a result of chronic UV exposure, in myopic subjects.
35
The 396 authors suggest that this data supports, but does not prove, the hypothesis that childhood sun 397 exposure is associated with a decreased risk of myopia. This finding is, however, confounded 
403
A multivariate linear model, adjusted for age and dietary nutrients, revealed higher blood 404 levels of vitamin D (16.9 ng/ml) in non-myopic subjects compared to myopic subjects 405 (13.5ng/ml); although the amount of time spent outdoors was similar for both groups. 37 
406
We found higher UV exposure in stable myopes versus progressing myopes however 407 this does not prove whether it is the UV light or the high light levels of sunlight more It may be that the high 414 illuminations required to inhibit myopia can be produced by increasing indoor lighting rather 415 than increasing outdoor activity, however, whether this is economically feasible is an issute 416 that would need to be determined in future studies. 
CONCLUSION
419
The effect of outdoor illumination and UV exposure on progressing myopia was 420 investigated. Daily UV exposure was greatest in stable myopes and lower in emmetropic and 421 progressing myopic students. Therefore this experiment provides some preliminary evidence 422 to support the hypothesis that sunlight and/or UV may offer some protection against myopia.
423
Further larger scale prospective studies are required to fully explore the relationship between 424 light levels and impact on myopia progression. Data are mean±SD. Groups were compared using univariate (one-way ANOVA) analysis. *MED = Minimal
